Evolutionary adaptations of gene structure and expression in natural populations in relation to a changing environment: a multidisciplinary approach to address the million-year saga of a small fish.
We have used an experimentally based strategy to address molecular mechanisms underlying adaptation in Fundulus heteroclitus. In an attempt to falsify the hypothesis that selection is a major driving force in the maintenance of genetic diversity, we employed a multidisciplinary approach including allelic isozyme and mtDNA phylogeography, kinetic analyses of allelic isozymes, analysis of variation in coding and regulatory DNA sequences, metabolic biochemistry, organismal physiology, and selection experiments. Observed differences in gene structure and expression led us to make testable predictions about differences in metabolic flux, whole organism performance, and differential survival between allotypes. We have shown that variation in the lactate dehydrogenase-B (Ldh-B) protein results in differences in physiological function and is correlated with differences in survival at high temperatures. Recent work has investigated the role of variation in Ldh-B expression. There are differences in the levels of Ldh-B protein, mRNA, and transcription rate. We have addressed the mechanisms responsible for differences in transcription rate by a combination of sequence comparison, DNase I footprinting, and functional analyses both in vitro and in vivo. We have shown that variation in the regulatory sequence of Ldh-B is responsible for the differences in transcription rate between populations and that the patterns of variation are inconsistent with a neutral model of molecular evolution. This functional differentiation, coupled with departures from neutral expectations, suggests that natural selection has acted on the regulation of Ldh-B. This article illustrates the value of a multidisciplinary approach in addressing problems in gene structure, expression, and evolutionary adaptation.